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ABSTRACT 
The Illinois Basin–Decatur Project 
(IBDP) site, located at the Archer 
Daniels Midland Corn Processing 
Plant in Decatur, Illinois, is part of 
the Midwest Geological 
Sequestration Consortium’s effort 
to demonstrate large-scale carbon 
capture and storage (CCS). The 
Cambrian Mt. Simon Sandstone, 
which this project injects into, is a 
brine-saturated sandstone reservoir 
that underlies a large part of the 
Midwestern United States and is a 
primary target for CCS in the 
region. To determine basic rock 
properties, including permeability, 
a commercial laboratory analyzed 
whole core samples from 
Verification Well #1 (VW#1), a 
7,272 ft (2,216.5 m) deep IBDP 
monitoring well in the Mt. Simon 
Sandstone. Whole core analysis 
yielded numerous examples of 
vertical permeability (kv) larger 
than horizontal permeability (kh) by 
several orders of magnitude. 
Generally, permeability of geologic 
formations is anisotropic (higher kh 
than kv) because of depositional 
effects and the in-situ stress field in 
the crust. Porosity and permeability 
were measured on core plugs as a 
means of verifying and improving 
whole core data for IBDP reservoir 
models. 
Anomalous permeability data was 
most pronounced in the lower Mt. 
Simon Sandstone, which is a poorly 
sorted, course-grained sandstone to 
pebble conglomerate. To compare 
horizontal and vertical plug and 
whole core permeability, the 
selection of core plug sample 
depths included those depths with 
anomalous and normal whole core 
kv/kh values. Horizontally and 
vertically oriented core plugs from 
each sample depth revealed kh 
values generally greater than whole 
core kh (average relative difference 
of 75%), indicating a suppression 
of the original whole core kh 
values. Three main lithologic 
groups occur (fine- to course-
grained, poorly to well sorted, and 
sandstone to conglomerate) in the 
core plugs; these groups were used 
to select data to fit transform 
equations to correct the whole core 
horizontal permeability data. 
Correlation between the 
permeability results of the core 
plug analysis and lithology 
indicated that whole core values 
less than 10 millidarcies (md) 
(9.87*10-15 m2) or kv/kh values less 
than 0.25 did not need a correction. 
INTRODUCTION 
The Illinois Basin–Decatur Project 
(IBDP) is located at the Archer 
Daniels Midland (ADM) corn 
processing plant in Decatur, IL, and 
is part of the Midwest Geological 
Sequestration Consortium’s 
(MGSC) project to demonstrate 
large-scale carbon capture and 
storage (CCS). This project 
consists of an injection well 
(CCS#1) and a verification well 
(VW#1), which is used for 
monitoring pressure and fluid 
saturation at different depths at 
1,000 ft (304.8 m) north from the 
CCS#1.   
Compared to drilling, preparing, 
and measuring permeability on core 
plugs taken from whole core, whole 
core analysis is relatively 
inexpensive. The primary reason is 
that the same device measures 
porosity as well as horizontal and 
vertical permeability on a single 
whole core. Additionally, the whole 
core’s diameter is a direct result of 
the coring and well drilling 
processes, reducing the need for 
numerous cuts to obtain a right 
cylinder. Core plugs also require 
horizontal and vertical drilling from 
the same whole core to obtain 
vertical and horizontal permeability 
values at the same depth. This more 
than doubles the process of core 
analyses. When upscaling 
permeability from any size sample, 
the inclusion of these larger 
geologic features must be part of 
the process.    
For budgetary and sample size 
reasons, whole core porosity and 
permeability tests were completed. 
The result of this work was 
anomalous and produced 
unexplainable high ratios of 
vertical to horizontal permeability. 
This study focused on verifying 
that the high ratios were anomalous 
and finding a correction to the 
whole core permeability data by 
drilling vertical and horizontal 
plugs from the whole core and 
measuring permeability. 
Geologic Setting 
The Mt. Simon Sandstone underlies 
all of Illinois, except in local areas 
where it failed to cover paleo-highs 
on the Precambrian surface. The 
Mt. Simon Sandstone is a brine-
saturated sandstone reservoir and 
the CO2 storage target for IBDP. It 
is Cambrian in age, although the 
exact age of the formation is 
unknown due to the lack of fossils. 
It ranges from less than 500 to 
2,600 ft (150 to 790 m) thick, with 
the depocenter in northeastern 
Illinois. At the IBDP site, the Mt. 
Simon is approximately 1,500 ft 
(457 m) thick (Leetaru and 
McBride, 2009). VW#1 has a total 
depth of 7,272 ft (2216.5 m) and is 
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approximately 1,000 ft (304.8 m) 
from CCS#1.  
The Mt. Simon consists of fine- to 
coarse-grained, partly pebbly, 
friable sandstone, most of which is 
coarser grained, more poorly 
sorted, and more angular than 
younger Cambrian and Ordovician 
sandstones (Willman et al., 1975). 
The color of the formation varies 
widely, from white to gray in the 
upper Mt. Simon, to mostly red and 
brown in the middle and lower Mt. 
Simon. In Illinois, Precambrian 
basement rocks underlie the Mt. 
Simon and consist primarily of 
granite plutons, granodiorite, and 
rhyolite. Illinois’ Precambrian 
basement rocks belong to the 
Eastern Granite-Rhyolite Province 
(Kolata, 2010). The Eau Claire 
overlies the Mt. Simon in central 
Illinois, where it primarily consists 
of siltstone and shale (Willman et 
al., 1975).  
Problem 
A commercial laboratory analyzed 
whole core from VW#1 for 
porosity (%), directional 
permeability (k0, k90, and kv), grain 
density (g/cm3), oil saturation (So), 
and water saturation (Sw). (k0 and 
k90 are both horizontal permeability 
measured 90° from each other, and 
the maximum and minimum with 
respect to each value, respectively.) 
The commercial laboratory cleaned 
the cores before porosity and 
permeability testing by using the 
modified Dean Stark extraction. In 
numerous cases, vertical 
permeability (kv) values were 2–4 
orders of magnitude larger than 
horizontal permeability (kh) values 
(kv/kh). Permeability is generally 
anisotropic in a rock (kv smaller 
than kh) because of depositional 
effects and the in-situ stress field in 
the lithosphere (Glover, 2011). A 
small subset of the whole core 
samples was returned to this lab 
and two separate and independent 
commercial labs to reproduce the 
large kv/kh ratios; all labs obtained 
these anomalous kv/kh values. 
Appendix 1 shows VW#1 whole 
core data with suspected anomalous 
permeability values. The kv/kh 
values greater than one indicate 
either kh is too low or kv is too high 
(Figure 1). The kv/kh values less 
than one lie below the unit slope 
line; kv/kh values greater than one 
lie above the unit slope line. Most 
of the anomalous values are 
between horizontal permeability 
values of 20 and 200 md (1.97*10-
14 – 1.97*10-13 m2). 
METHOD 
Sample (plug) Preparation 
Horizontally and vertically oriented 













slabbed whole core (Figures 2 and 
3) by using standard rock-cutting 
tools. A 2% potassium chloride 
(KCl) solution was used to 
lubricate the cutting tools and 
minimize risk of flocculating any 
clay minerals present that may be 
sensitive to fresh water. Slabbed 
whole core was cut to less than 4 in 
(10.16 cm) in height for vertical 
plug drilling. Core plugs were 
drilled using a 1-in-diameter coring 
drill bit. Core plugs’ length ranged 
from 1.0 to 2.5 in (2.54 to 6.35 
cm), depending on the size of the 
whole core slab from which they 
were drilled. Core plugs were 
meticulously marked for depth and 
orientation (vertical and 
horizontal). The ends of the drilled 
plugs were trimmed so that they 
were right-cylinders. The trimmed 
ends were used for thin sections. 
Plugs were placed in a desiccator 
with 8-mesh Indicating Drierite to 
dry until their weight stabilized.  




























kv/kh < 1 
Figure 1  kv vs. kh for VW#1 whole core. Values above the dotted unit slope 
line indicate anomalously high kv/kh values. 
 






















Figure 2  Example of slabbed whole core from which a horizontal plug was drilled (hole in core). This whole core 
slab is from 5,943.3 to 5,943.6 ft (1,811.52 to 1,811.61 m) below the surface at VW#1. Wooden scale is in tenths. 
of a foot. 
Figure 3  A horizontal core plug (left) and vertical core plug (right) from VW#1. The horizontal core plug depth is 
from 5,943.4 ft (1,811.55 m) below the surface, and the vertical core plug depth is from 5,943.0 to 5,943.6 ft 
(1811.43 to 1811.61 m) below the surface. The red and black lines on the horizontal plug are marks for vertical 
orientation. The vertical plug, also marked for orientation, shows horizontal laminations that are typical of a 
vertical plug. 
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permeability were measured on all 
core plugs. All porosity and 
permeability measurements were 
performed at the Illinois State 
Geological Survey core analysis 
laboratory. 
Porosimeter 
Porosity tests were performed using 
a Boyle’s law helium porosimeter, 
Temco model HP-1 (Figure 4). 
Helium tank regulator pressure was 
set at 60 psi (414 kPa) for all tests. 
After placing a core plug sample 
and volumetric disks in the sample 
chamber, the system was evacuated 
with all three chambers open, until 
the entire system was at a pressure 
of 0 psia (0 kPa). Two reference 
chambers of known volume were 
filled with helium, and pressure 
was recorded for both (P1, pressure 
inside reference chamber #1; P2, 
pressure inside reference chamber 
#2). Helium was expanded from the 
two reference chambers into the 
sample chamber, which contained 
the core sample with unknown pore 
volume, and pressure was recorded 
(P3). Sample dimensions were 
measured, and porosity was 
calculated from recorded pressures 
by using a spreadsheet. 
Permeameter 
Permeability tests were performed 
using a gas permeameter, Temco 
model GP13-101D. The gas 
(nitrogen) permeameter is equipped 
with a Hassler-type core holder (1 
in [2.54 cm] diameter, 
approximately 0.5–4.0 in [1.27–
10.16 cm] in length), a mass flow 
meter with digital readout, a digital 
pressure gauge, and a differential 
pressure transducer. Core plugs 
were placed into the core holder. 
Confining pressure for all samples 
was set between 150 and 300 psi   
(1,034 and 2,068.5 kPa), depending 
on the degree of lithification 
(determined by hand sample 
examination) of the sample. The 
transducer diaphragm plate was 
changed accordingly based on high 
or low permeability samples. 
Opening and closing a series of 
valves allowed nitrogen to flow 
through the sample. To correct 
measured data for gas slippage 
using Klinkenberg’s method, data 
was collected in constant 
differential pressure mode. 
Difference in pressure (∆P, %) was 
constant, while inlet pressure (Pi, 
psi) and flow rate (Q, cm3/min) 
varied. Flow rate was measured 
downstream of the core sample. 
The Pi, ∆P, and Q were recorded at 
3–10 data points for each sample, 
and permeability was calculated in 
millidarcies (md) through Darcy’s 
law. Sample dimensions (cm), 
room temperature (°C, used to 
calculate nitrogen viscosity), and 
atmospheric pressure (millibars) 




Porosity of core plugs and whole 
core were compared using the 
average relative percent difference, 
which was calculated by using the 
equation below: 
average relative percent difference  
=  |
𝐶𝑜𝑟𝑒 𝑃𝑙𝑢𝑔 − 𝑊ℎ𝑜𝑙𝑒 𝐶𝑜𝑟𝑒
(𝐶𝑜𝑟𝑒 𝑃𝑙𝑢𝑔 + 𝑊ℎ𝑜𝑙𝑒 𝐶𝑜𝑟𝑒) / 2
|.          
                                            (1) 
A low average relative percent 
difference in porosity for both 
horizontal and vertical core plugs 
was found, indicating very similar 
results to whole core porosity 
measurements (Tables 1 and 2). 
Figure 6 shows a graphical 
comparison of plug porosity versus 
whole core porosity. If an entire 
whole core from which porosity 
was measured was relatively 
homogeneous with respect to grain 
size, sorting, and cementation, the 
plug and whole core porosity 
would be similar. However, if the 
plug was taken from a whole core 
that was relatively heterogeneous, 
then porosity could differ, too. 
Another cause of error could be 
sample size because a given core 
plug sample’s pore network may 
differ substantially from that of the 
whole core it was drilled from. 
Smaller sample sizes may yield 
results that are more erratic 
compared to their whole core 
measurements. However, some of 
the largest percent differences 
occurred in the larger (greater than 
2 in [5.08 cm]) plug samples. 
Permeability 
In general, core plug permeability 
values measured greater than whole 
core, in both horizontal and vertical 
directions, because smaller sample 
sizes typically yield larger 
permeability values compared to 
whole core, as a low permeability 
zone or heterogeneity may be 
absent from the sample. For this 
data set, core plug kh values 
generally measured greater than 
whole core kh for all values greater 
than 5 md (4.93*10-12 m2) (Figure 
7), whereas core plug kv values 
measured greater than or 
approximately equal to whole core 
kv values for all data points (Figure 
8). Larger plug kh values support 
the possibility that drilling mud 
invaded and altered the whole core, 
suppressing initial whole core kh 
values. Table 3 shows permeability 
values for all depths sampled. 
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Figure 4  A Temco helium porosimeter (Model HP-1) that nondestructively determines the effective porosity of a 
core plug sample was used. 
 
Figure 5  A Temco gas permeameter (Model GP13-101-D) that nondestructively determines the apparent 
permeability (kg) of a sample. 
 











Table 1  Horizontal and vertical plug porosity (%) values for VW#1. Both horizontal and vertical plugs were 1 in (2.54 
cm) in diameter. Plug preparation destroyed the vertical plug for 6,782.2–6,782.4 ft (2,067.21–2,067.28 m). (1 ft = 
0.3048 m) (1 in = 2.54 cm) 
 
 
  Horizontal Plug Vertical Plug 
Depth (ft) Porosity (%) Length (in)  Depth (ft) Porosity (%) Length (in) 
5,520.1 8.2 2.32  5,519.9–5,520.2 7.7 2.35 
5,549.2 7.5 2.30  5,549.2–5,549.3 8.1 1.53 
5,558.25 9.4 2.26  5,558.25–5,558.5 9.5 2.27 
5,937.5 4.3 2.16  5,937.1–5,937.3 4.3 2.30 
5,943.3 7.1 2.25  5,942.85–5,943 7.2 2.11 
5,945.9 7.4 2.15  5,945.8–5,945.9 7.4 2.15 
5,966.25 8.0 1.90  5,966.2–5,966.4 7.2 2.25 
5,981.65 13.1 1.98  5,981.5–5,981.7 12.8 2.02 
6,689.5 24.8 2.35  6,689.3–6,689.5 22.7 2.17 
6,700.7 27.1 2.10  6,700.6–6,700.8 26.4 2.17 
6,701.7 24.6 2.10  6,701.4–6,701.7 22.1 2.20 
6,725.8 21.4 1.10  6,725.8–6,726 18.6 1.31 
6,752.4 27.1 2.36  6,752.3–6,752.5 23.3 1.21 
6,782.2 11.1 2.42  6,782.2–6,782.4 – – 
6,803.5 15.3 2.21  6,803.3–6,803.5 11.6 1.97 
6,835.4 20.5 2.33  6,835.3–6,835.5 17.3 0.93 
6,848.6 23.5 2.35  6,848.4–6,848.6 19.8 1.70 
6,852.3 19.8 1.68  6,852.2–6,852.4 19.2 1.93 
Average 15.57 2.13 
 
Average 14.42 1.92 









Table 2  Whole core porosity (%) values compared to horizontal and vertical plug porosity values for VW#1. The whole 
core was 4 in (10.16 cm) in diameter. (1 ft = 0.3048 m) (1 in = 2.54 cm) 
 
 










10.7 4.8 26.5 32.6 
5,549.1–
5,549.5 
8.2 4.8 8.9 1.2 
5,558.15–
5,558.75 
9.0 7.2 4.3 5.4 
5,937.55–5,938 6.1 5.4 34.6 34.6 
5,943–5,943.55 7.2 6.6 1.5 0.0 
5,945.45–
5,945.95 
7.1 6 4.1 4.1 
5,966.25–
5,966.75 
7.6 6 5.1 5.4 
5,981.65–5,982 9.5 4.2 31.9 29.6 
6,689.5–6,690 24.0 6 3.3 5.6 
6,700.60–6,701 26.6 4.8 1.9 0.8 
6,701.4–
6,701.8 
23.2 4.8 5.9 4.9 
6,725.45–6,726 24.9 6.6 15.1 29.0 
6,752.6–6,753 27.3 4.8 0.7 15.8 
6,782–6,782.6 14.9 7.2 29.2 – 
6,803.1–
6,803.5 
15.5 4.8 1.3 28.8 
6,835.4–6,836 21.5 7.2 4.8 21.6 
6,848.2–
6,848.6 
20.2 4.8 15.1 3.5 
6,852.1–
6,852.7 
19.3 7.2 2.6 0.52 
Average 15.71 5.73 10.9 13.1 


























F gr, wl srt
SS
F gr, pr srt
SS




F gr, wl srt
SS
Figure 6  Plug porosity vs. whole core porosity for the Mt. Simon Sandstone at VW#1. The high R2 value and a 
trend line with a y-intercept near the origin indicate plug porosity data that matches whole core data well. 
Abbreviations: F gr, wl srt SS = fine-grained, well-sorted sandstone; F gr, pr srt SS = fine-grained, poorly sorted 
sandstone; C gr, cgl-SS= coarse-grained, conglomerate sandstone. 
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Table 3  Permeability and kv/kh values for VW#1. (1 ft = 0.3048 m) (1 in = 2.54 cm) (1 md = 9.869233×10−13 m2) 
 
Horizontal Plug  Vertical Plug  kv/kh 



















5,520.1 2.03 2.47 2.32  5,519.9–5,520.2 0.66 0.04 2.35  0.33 0.02 0.02 
5,549.2 22.36 21.50 2.30  5,549.2–5,549.3 14.78 20.60 1.53  0.66 0.96 0.92 
5,558.25 138.64 89.4 2.26  5,558.25–5,558.5 121.97 56.75 2.27  0.88 0.63 0.41 
5,937.5 0.10 0.13 2.16  5,937.1–5,937.3 0.10 0.01 2.30  1.00 0.08 0.10 
5,943.3 0.36 0.85 2.25  5,942.85–5,943 0.08 0.01 2.11  0.22 0.01 0.03 
5,945.9 0.25 0.34 2.15  5,945.8–5,945.9 0.02 0.01 2.15  0.08 0.03 0.04 
5,966.25 0.19 1.08 1.90  5,966.2–5,966.4 0.10 0.03 2.25  0.53 0.03 0.16 
5,981.65 7.62 6.01 1.98  5,981.5–5,981.7 0.10 0.08 2.02  0.01 0.01 0.01 
6,689.5 11.54 5.52 2.35  6,689.3–6,689.5 0.73 1.22 2.17  0.06 0.22 0.11 
6,700.7 156.80 58.12 2.10  6,700.6–6,700.8 96.70 77.00 2.17  0.62 1.32 0.49 
6,701.7 85.94 28.19 2.10  6,701.4–6,701.7 71.99 34.38 2.20  0.84 1.22 0.40 
6,725.8 115.07 41.79 1.10  6,725.8–6,726 45.10 18.65 1.31  0.39 0.45 0.16 
6,752.4 222.52 75.10 2.36  6,752.3–6,752.5 124.35 295.89 1.21  0.56 3.94 1.33 
6,782.2 78.97 86.31 2.42  6,782.2–6,782.4 – 17.28 –  – 0.20 0.22 
6,803.5 264.82 105.83 2.21  6,803.3–6,803.5 160.44 133.81 1.97  0.61 1.26 0.51 
6,835.4 501.96 77.29 2.33  6,835.3–6,835.5 323.32 196.04 0.93  0.64 2.54 0.39 
6,848.6 676.98 82.55 2.35  6,848.4–6,848.6 350.00 168.71 1.70  0.52 2.04 0.25 
6,852.3 348.98 69.22 1.68  6,852.2–6,852.4 131.8 161.68 1.93  0.38 2.34 0.46 
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Figure 7  The points above the unit slope illustrate that plug kh values are greater than whole core kh for permeability 
values exceeding 10 md (9.869233×10−12 m2).   
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DISCUSSION 
Similar rock types typically have 
similar porosity and permeability 
characteristics; therefore, 
descriptions of the core plugs were 
completed to facilitate grouping 
data according to qualitative 
characteristics.  Three generalized 
lithofacies described the core plugs 
(and thus the whole core): 1) fine-
grained, poorly sorted sandstones, 
2) fine-grained, well-sorted 
sandstones, and 3) course-grained, 
conglomerate-sandstones. (Though 
other lithofacies are present in the 
Mt. Simon, these three were found 
in the core plug samples of this 
study.) Based on the fine-grained, 
poorly sorted sandstone facies, 
transform limits were created. 
Samples with permeability less 
than 10 md (9.869233×10−12 m2) or 
kv/kh less than 0.25 would not be 
corrected. Verifying whole core 
data quality was the primary reason 
for sampling these rocks, as they 
did not exhibit anomalous kv/kh 
values. The other two lithologic 
groups exhibited variable 
permeability data from whole core 
to plug, and horizontal permeability 
tended to be higher in core plugs 
than whole core. For plug kh vs. 
whole core kh, plug kh values 
measured higher than whole core kh 
(Figure 5).  
In general, permeability measured 
on horizontal plugs will have flow 
parallel to depositional bedding 
planes of varying degrees of 
permeability, and vertical plugs 
will have flow perpendicular to 
bedding planes. As a result, 
permeability measured on 
horizontal plugs will be closer to 
the higher permeability part of the 
horizontal plug; however, vertical 
plug permeability will be closer to 
the lower permeability part. In 
other words, a low permeability 
bedding plane will reduce the 
vertical permeability and have little 
effect on horizontal permeability.   
The trend line in Figure 6 for plug 
kv vs. whole core kv gently slopes 
toward the unit slope line, 
indicating that plug kv values did 
not differ much from whole core kv. 
Vertical permeability is likely 
strongly influenced by laterally 
continuous features from 
deposition. For these plugs, these 
features are very thin (less than 5 
mm). Because 17 of 18 of the 
vertical plugs’ permeability was 
higher than the whole core vertical 
permeability, the smaller length of 
the plugs compared to the whole 
core must have eliminated some of 
the lower permeability laminae 
present in the whole core. The 
VW#1 core description for the Mt. 
Simon Sandstone confirms this. 
Consequently, the relationship 
between whole core kv and plug kh 
becomes of particular interest and 
yields a transform equation to 
correct unsampled whole core 
horizontal permeability data. Log-
log coordinates were used to 
identify straight lines; 
consequently, the equation of a 
parabola was used. (In Excel, this is 
called “power” series.) Figures 9 
and 10 show the graphs that yielded 
transform equations. Figure 9 plots 
plug kv/kh and whole core kv/plug kh 
on the y-axis and whole core kv/kh 
as a constant on the x-axis. Figure 
10 plots whole core kv/plug kh vs. 
whole core kh. The trend lines yield 





















0.41997, (4)  
and  





.   (5)  
A comparison of plug kh vs. whole 
core kh yields an R2 fit of 0.948, 
suggesting a transform equation 
that should yield good data (Figure 
11). However, the equations (6 and 
7) produce highly variable and 
inconsistent transform values with 
significant scatter: 
 
𝑊ℎ𝑜𝑙𝑒 𝑐𝑜𝑟𝑒 𝑘ℎ =
0.6998(𝑊ℎ𝑜𝑙𝑒 𝑐𝑜𝑟𝑒 𝑘ℎ)








 .   (7) 
Plug kh vs. whole core kv/kh yields a 
final transform (Figure 12; 















.     (9)  
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Figure 9  Plug kv/kh and whole core kv/plug kh vs. whole core kv/kh for VW#1. The blue trend line fits through plug 
kv/kh; the orange trend line fits through whole core kv/plug kh. 
 
Figure 10 shows whole core kv/plug kh on the y-axis and whole core kh on the x-axis. Despite the modest R2 fit, the 
transform equation produces good data.  
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Figure 11  Plug kh vs. whole core kh. A trend line equation (highlighted in orange) indicates the transform used to 
correct whole core data. 
 
Figure 12  Plug kh vs. whole core kv/kh. The transform equation yields data with significant scatter and numerous 
kv/kh values that are above one. 
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All transform equations offered 
advantages and disadvantages. 
Transforming based on the whole 
core kv/plug kh trend (Equations 2 
and 3) yielded the most desirable 
whole core corrected kv/kh values. 
All corrected kv/kh values based off 
this transform were below one. 
Transforming based on the whole 
core kv/plug kh vs. whole core kh 
(Equations 4 and 5) also yielded 
desirable corrected kh values 
(Figure 13).  
Equations 6 and 7 (plug kh vs. 
whole core kh) yielded corrected 
data with generally low and 
constant kv/kh values, even at higher 
horizontal permeabilities. An 
asymptotic increase towards a kv/kh 
of one, which is not observed in the 
corrected data from this transform, 
occurs due to courser-grained, 
higher-permeability rocks being 
less anisotropic than fine-grained, 
low-permeability rocks. This gently 
sloping increase of kh and kv/kh is 
observed for Equations 2–5. 
Equations 8 and 9 (plug kh vs. 
whole core kv/kh) also produced 
corrected data with significant 
scatter and abundant kv/kh values 
above one. 
Plotting the original data against 
the data corrected by each of the 
four methods illustrates that the 
whole core kv/plug kh method 
generates the most desirable results 
(Figure 13). Plotting kv/kh vs. kh for 
original whole core and corrected 
values displays the decrease in kv/kh 
values, as well as the increase in kh 
values (Figure 14). Original whole 
core data revealed kh values that 
were too low, giving data points 
above the unit slope line (kv/kh 
values greater than one). The 
corrected data points in the whole 
core kv/plug kh method all lie below 
the unit slope line, in a trend more 
expected for typical permeability 
values (Figure 15). Lastly, depth 
vs. kh for original whole core kh, 
corrected kh, rotary sidewall core 
(RSWC) kh, and ISGS core plug kh 
is plotted for the largest cored 
interval in the Mt. Simon (Figure 
16). The RSWC and ISGS core 
plugs match the corrected data well 
in most cases, with one exception 
at 6,817.4 ft (2,077.94 m). The 
consistency of the original and 
corrected data reinforces the whole 






















on whole core kh
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Figure 13  The kv/kh vs. kh for original whole core and corrected data. Corrections based on plug kh vs. whole 
core kv/plug kh and whole core kh vs. plug kh show considerable scatter in the data and numerous points above 1. 


















Figure 14  The kv/kh vs. kh for original whole core and corrected data. Arrows indicate where select original 
whole core data values are in the corrected dataset. 
Figure 15  The kv vs. kh for original whole core and corrected data. Corrected permeability values make an 
asymptotic approach towards the unit slope line. 
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Figure 16  Depth vs. original whole core kh, corrected kh, and rotary sidewall core kh for VW#1. Corrected kh values 
are based on the whole core kv/plug kh trend in Figure 7. The RSWC and ISGS core plug data match corrected data 
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In VW#1, the original whole core 
kv/kh values were typically higher in 
course-grained or well-sorted, 
porous rocks. Whole core samples 
with permeability less than 10 md 
(9.87×10-12 m2) did not exhibit 
anomalous kv/kh values in VW#1, 
which supports the possibility that 
drilling mud invaded and altered 
VW#1 whole core. Rocks with low 
porosity do not provide large 
enough pore throats for drilling 
mud to enter the rock during the 
coring process. The drilling fluid 
used for VW#1 was a salt gel 
(attapulgite) system with a KCl 
base. The commercial laboratory 
analyzed 497 whole core samples 
from VW#1; 51 samples had a kv/kh 
above 1, and 31 of those samples 
had a kv/kh above 1.5. Alternatively, 
10 (3.05 m) out of 60 ft (18.3 m) of 
whole core from CCS#1, which is 
approximately 1,000 ft (304.8 m) 
from VW#1, was sent for analysis. 
A commercial laboratory analyzed 
29 samples from CCS#1 and found 
two samples from the interval of 
6,770.6–6,771.6 ft (2,063.7–
2,063.98 m) that exhibited 
anomalous kv/kh values of 1.12 and 
1.35. The average kh in the same 
interval was 29.87 md (2.95*10-11 
m2). However, the third sample 
from that interval had a kv/kh value 
of 0.87. The drilling fluid used for 
CCS#1 was a KCl polymer system. 
Use of the attapulgite system for 
VW#1 may have altered the whole 
core in porous/permeable zones 
prone to invasion. 
The two main factors affecting 
drilling mud invasion are the 
particle size of the drilling fluid 
used and the pore throat size of the 
rocks. Higher permeability rocks 
are more prone to alteration 
because the larger pore throat size 
provides an easier path for mud 
particle invasion. Once drilling 
mud alteration has occurred, no 
standard core cleaning methods can 
remove it. Sandblasting the surface 
of the core can remove mud 
particles on the edge of the whole 
core. For softer, poorly lithified 
rocks that might be damaged by 
sandblasting, undercutting the core 
to a smaller diameter is 
recommended. If invasion and 
alteration occur, it will only affect 
horizontal permeability values. 
Horizontal permeability values can 
decrease by 5–150%, depending on 
the nature of the rock (Honarpour 
et al., 2005). Drilling fluid may 
have caused the clay minerals in 
the Mt. Simon core to swell, 
subsequently lowering 
permeability. However, whole core 
is dried (humidity controlled if clay 
is present) before air permeability 
tests, which should alleviate clay 
mineral swelling. Cause of the 
anomalously high kv/kh values 
created much speculation but was 
beyond the scope of this research. 
Further IBDP research may focus 
on why certain depths on VW#1 




Whole core analysis offers an 
economical alternative to 
conventional core plug analysis, 
which is a costly and time-
consuming process. Moreover, 
obtaining core analysis results from 
larger sample sizes provides data 
more indicative of porosity and 
permeability values of a larger, 
continuous part of the reservoir. 
Proper reservoir characterization 
and understanding of large geologic 
structures is crucial when upscaling 
during the reservoir modeling 
process. Whole core likely contains 
heterogeneity not present in a core 
plug sample drilled from the whole 
core. 
In VW#1, horizontal permeability 
values from core plugs measured 
significantly higher than the whole 
core they were drilled from. 
Equations were developed to 
correct the VW#1 whole core 
horizontal permeability. 
Furthermore, these equations might 
be used to estimate vertical 
permeability from horizontal 
permeability for similar size 
samples from core or well logs. 
Further studies may attempt to 
identify why horizontal 
permeability values in VW#1 data 
were poor in certain facies; 
however, at the time of this study, 
the exact cause was unclear. 
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APPENDIX 1   
 
Summary of data from Verification Well #1. Yellow highlight indicates poor kv/kh values. 
(1 ft = 0.3048 m) (1 md = 9.869233×10-13 m2) 
 
SMPL NO. DEPTH (ft) 
PERMEABILITY (md) 
G DEN (cm3) POR (%) Sw (%) So (%) Avg khrz 
k0 k90 kvert 
SS-1 5,437.75–5,437.90 0.27 0.28 <.01 2.65 11.2 22.0 0.0 0.2750 
SS-2 5,493.00–5,493.45 0.29 0.19 <.01 2.67 9.3 16.8 0.0 0.2400 
SS-3 5,510.65–5,511.10 16.72 14.83 1.21 2.66 5.9 6.4 0.0 15.7750 
8-1 5,514.10–5,514.50 0.27 0.30 <.01 2.68 3.3 75.7 0.0 0.2850 
8-2 5,515.00–5,515.50 3.77 4.04 <.01 2.66 7.5 23.1 0.0 3.9050 
8-3 5,516.30–5,516.85 6.94 7.49 <.01 2.62 10.9 27.7 0.0 7.2150 
8-4 5,517.05–5,517.60 8.86 9.12 <.01 2.62 11.5 40.4 0.0 8.9900 
8-5 5,518.50–5,519.00 0.19 0.19 <.01 2.67 3.9 50.7 0.0 0.1900 
8-6 5,519.20–5,519.60 2.32 2.62 0.04 2.63 10.7 35.3 0.0 2.4700 
8-7 5,520.25–5,521.00 17.74 19.20 4.90 2.65 7.7 19.4 0.0 18.4700 
8-8 5,521.05–5,521.70 15.76 15.83 3.65 2.64 7.6 21.9 0.0 15.7950 
8-9 5,522.30–5,522.80 12.92 11.56 <.01 2.64 6.1 13.9 0.0 12.2400 
8-10 5,523.35–5,524.00 1.61 1.72 <.01 2.65 4.6 30.7 0.0 1.6650 
8-11 5,524.15–5,524.75 9.67 10.48 <.01 2.64 6.3 55.4 0.0 10.0750 
8-12 5,525.40–5,525.60 21.44 21.84 2.05 2.65 8.7 20.6 0.0 21.6400 
8-13 5,526.15–5,526.80 0.88 1.02 <.01 2.65 5.9 23.3 0.0 0.9500 
8-14 5,527.40–5,527.95 0.38 0.39 <.01 2.64 8.6 37.1 0.0 0.3850 
8-15 5,528.25–5,528.55 2.12 1.90 <.01 2.64 8.9 22.5 0.0 2.0100 
8-16 5,529.20–5,529.90 1.03 0.98 <.01 2.64 5.5 26.2 0.0 1.0050 
8-17 5,530.40–5,530.80 1.61 1.85 <.01 2.65 7.6 35.1 0.0 1.7300 
8-18 5,531.50–5,532.00 3.30 3.27 0.22 2.63 8.9 27.9 0.0 3.2850 
8-19 5,532.55–5,533.00 4.27 4.38 0.02 2.62 12.0 41.0 0.0 4.3250 
8-20 5,533.70–5,534.00 2.65 3.11 0.05 2.62 11.9 45.3 0.0 2.8800 
8-21 5,534.30–5,534.70 3.57 2.68 <.01 2.63 8.9 28.5 0.0 3.1250 
8-22 5,535.25–5,535.70 5.24 6.55 0.05 2.65 5.9 20.3 0.0 5.8950 
8-23 5,536.30–5,536.60 0.79 0.69 0.02 2.64 5.3 11.5 0.0 0.7400 
8-24 5,537.45–5,538.00 3.99 4.52 <.01 2.65 5.8 23.4 0.0 4.2550 
8-25 5,538.15–5,538.35 3.33 3.94 2.30 2.65 5.1 15.9 0.0 3.6350 
8-26 5,539.35–5,539.75 3.43 4.44 0.21 2.64 5.7 10.4 0.0 3.9350 
8-27 5,540.60–5,541.00 15.13 16.58 9.94 2.64 7.7 37.0 0.0 15.8550 
8-28 5,541.40–5,541.95 13.83 19.45 4.64 2.64 7.9 38.2 0.0 16.6400 
8-29 5,542.00–5,542.35 15.85 15.23 11.15 2.65 10.0 23.0 0.0 15.5400 
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8-30 5,543.60–5,544.00 10.75 10.54 5.55 2.64 8.3 39.4 0.0 10.6450 
8-31 5,544.00–5,544.40 6.40 5.36 <.01 2.66 6.3 44.1 0.0 5.8800 
8-32 5,545.25–5,545.65 12.80 15.67 1.39 2.64 5.3 10.5 0.0 14.2350 
8-33 5,546.40–5,546.70 0.74 0.78 <.01 2.64 9.3 44.9 0.0 0.7600 
8-34 5,547.15–5,547.50 3.09 3.27 0.08 2.65 4.9 19.3 0.0 3.1800 
8-35 5,548.60–5,549.00 29.49 29.64 22.08 2.64 7.4 10.6 0.0 29.5650 
8-36 5,549.10–5,549.50 19.95 23.06 20.60 2.64 8.2 17.2 0.0 21.5050 
8-37 5,550.10–5,550.65 72.42 81.28 54.73 2.64 8.3 5.9 0.0 76.8500 
8-38 5,551.50–5,551.75 65.37 45.34 32.46 2.64 8.9 26.0 0.0 55.3550 
8-39 5,552.35–5,552.95 88.21 77.88 22.72 2.64 10.1 20.7 0.0 83.0450 
8-40 5,553.80 97.99 Plug  2.66 10.7 14.2 0.0 97.9900 
8-41 5,554.10–5,554.35 220.69 kh-Plug  2.65 10.7 30.2 0.0 220.6900 
8-42 5,555.25–5,555.85 96.79 92.09 81.71 2.64 10.6 32.4 0.0 94.4400 
8-43 5,556.70–5,557.00 98.70 86.85 42.75 2.64 9.5 7.8 0.0 92.7750 
8-44 5,557.25–5,557.80 77.07 78.60 36.63 2.64 9.1 19.6 0.0 77.8350 
8-45 5,558.15–5,558.75 87.86 90.95 56.75 2.64 9.0 19.7 0.0 89.4050 
8-46 5,559.13–5,559.45 48.45 47.81 30.58 2.64 8.7 7.1 0.0 48.1300 
8-47 5,560.00–5,560.20 71.05 73.64 26.45 2.64 7.9 10.9 0.0 72.3450 
8-48 5,561.90 32.05 Plug  2.65 8.4 15.9 0.0 32.0500 
8-49 5,562.00–5,562.30 37.73 33.34 2.00 2.64 8.1 12.7 0.0 35.5350 
9-1 5,930.15–5,930.65 0.88 0.55 <.01 2.64 6.6 8.0 0.0 0.7150 
9-2 5,931.40–5,931.95 0.39 0.13 <.01 2.64 6.2 7.7 0.0 0.2600 
9-3 5,932.10–5,932.80 0.27 0.20 <.01 2.64 6.6 7.6 0.0 0.2350 
9-4 5,933.20–5,933.95 0.50 0.34 0.01 2.64 7.4 7.3 0.0 0.4200 
9-5 5,934.00–5,934.60 0.09 0.09 <.01 2.64 5.8 9.8 0.0 0.0900 
9-6 5,935.00–5,935.50 0.47 0.18 <.01 2.64 5.9 9.7 0.0 0.3250 
9-7 5,936.50–5,937.00 0.13 0.13 <.01 2.64 4.4 18.5 0.0 0.1300 
9-8 5,937.55–5,938.00 0.12 0.14 <.01 2.65 6.1 7.6 0.0 0.1300 
9-9 5,938.30–5,938.75 0.17 0.24 <.01 2.64 6.8 13.9 0.0 0.2050 
9-10 5,939.20–5,939.80 0.11 0.13 <.01 2.64 7.7 12.0 0.0 0.1200 
9-11 5,940.30–5,940.90 0.23 0.24 <.01 2.64 7.5 7.6 0.0 0.2350 
9-12 5,941.50–5,942.00 0.12 0.11 <.01 2.65 7.3 7.7 0.0 0.1150 
9-13 5,942.45–5,942.75 0.11 0.11 <.01 2.66 5.3 8.5 0.0 0.1100 
9-14 5,943.00–5,943.55 0.87 0.83 <.01 2.64 7.2 9.6 0.0 0.8500 
9-15 5,944.35–5,944.90 0.46 0.47 <.01 2.64 7.8 8.7 0.0 0.4650 
9-16 5,945.45–5,945.95 0.35 0.34 <.01 2.65 7.1 11.4 0.0 0.3450 
9-17 5,946.00–5,946.55 0.38 0.39 <.01 2.64 7.5 9.7 0.0 0.3850 
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9-18 5,946.97–5,947.25 0.23 0.35 <.01 2.62 5.6 15.6 0.0 0.2900 
9-19 5,948.25–5,949.00 1.07 3.12 <.01 2.65 7.2 8.9 0.0 2.0950 
9-20 5,949.10–5,949.80 0.07 0.07 <.01 2.65 5.4 10.3 0.0 0.0700 
9-21 5,950.15–5,950.70 0.25 0.22 <.01 2.64 5.7 10.7 0.0 0.2350 
9-22 5,951.10–5,951.75 0.49 0.47 <.01 2.65 7.3 11.0 0.0 0.4800 
9-23 5,952.50–5,953.00 0.27 0.27 <.01 2.65 8.0 12.4 0.0 0.2700 
9-24 5,953.30–5,954.00 0.36 0.34 <.01 2.65 6.1 12.8 0.0 0.3500 
9-25 5,954.00–5,954.60 0.33 1.53 <.01 2.65 7.6 12.7 0.0 0.9300 
9-26 5,955.45–5,956.00 0.39 0.46 <.01 2.65 6.5 12.6 0.0 0.4250 
9-27 5,956.00–5,956.80 0.70 0.81 <.01 2.65 6.2 12.7 0.0 0.7550 
9-28 5,957.55–5,958.00 0.11 0.10 <.01 2.65 4.4 15.9 0.0 0.1050 
9-29 5,958.25–5,958.65 0.21 0.14 <.01 2.65 4.9 12.6 0.0 0.1750 
9-30 5,959.70–5,960.00 1.08 1.07 <.01 2.65 6.4 62.3 0.0 1.0750 
9-31 5,960.40–5,961.00 0.50 0.50 <.01 2.64 6.4 44.2 0.0 0.5000 
9-32 5,961.20–5,961.80 1.46 1.59 <.01 2.64 9.4 17.5 0.0 1.5250 
9-33 5,962.20–5,962.70 1.71 1.41 1.45 2.64 8.6 15.6 0.0 1.5600 
9-34 5,963.25–5,963.80 0.91 0.95 <.01 2.64 8.1 12.7 0.0 0.9300 
9-35 5,964.25–5,964.70 0.78 0.72 <.01 2.65 7.5 16.8 0.0 0.7500 
9-36 5,965.50–5,966.00 7.47 7.92 0.23 2.64 10.3 19.1 0.0 7.6950 
9-37 5,966.25–5,966.75 1.10 1.06 0.03 2.64 7.6 13.5 0.0 1.0800 
9-38 5,967.35–5,967.85 0.38 0.39 <.01 2.65 5.9 20.6 0.0 0.3850 
9-39 5,968.10–5,968.65 0.61 0.60 <.01 2.65 7.4 13.4 0.0 0.6050 
9-40 5,969.55–5,970.00 1.99 1.99 <.01 2.65 5.5 20.9 0.0 1.9900 
9-41 5,970.00–5,970.20 1.51 3.32 2.76 2.65 5.9 15.1 0.0 2.4150 
9-42 5,971.55–5,971.85 2.58 2.98 1.08 2.65 8.5 7.7 0.0 2.7800 
9-43 5,972.25–5,972.80 3.09 2.42 <.01 2.65 7.3 12.1 0.0 2.7550 
9-44 5,973.10–5,973.60 0.36 0.35 <.01 2.65 4.6 13.9 0.0 0.3550 
9-45 5,974.20–5,974.65 2.88 2.88 0.13 2.65 6.8 12.6 0.0 2.8800 
9-46 5,975.25–5,976.00 7.20 7.13 0.69 2.64 7.8 19.1 0.0 7.1650 
9-47 5,976.15–5,977.00 9.94 10.84 0.08 2.64 8.6 22.1 0.0 10.3900 
9-48 5,977.40–5,978.00 0.91 1.20 <.01 2.64 7.6 16.9 0.0 1.0550 
9-49 5,978.10–5,978.50 0.11 0.12 <.01 2.66 5.7 25.1 0.0 0.1150 
9-50 5,979.10–5,979.70 0.20 0.28 <.01 2.65 6.0 20.5 0.0 0.2400 
9-51 5,980.15–5,980.55 13.13 14.47 0.01 2.64 10.1 13.8 0.0 13.8000 
9-52 5,981.65–5,982.00 5.93 6.08 0.08 2.64 9.5 18.2 0.0 6.0050 
9-53 5,982.25–5,982.75 9.04 8.81 <.01 2.64 8.8 11.3 0.0 8.9250 
9-54 5,983.35–5,983.85 13.32 13.66 5.21 2.64 9.6 11.6 0.0 13.4900 
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9-55 5,984.00–5,984.70 2.18 2.12 <.01 2.64 6.4 16.0 0.0 2.1500 
9-56 5,985.00–5,985.40 9.03 8.22 0.01 2.64 8.8 8.0 0.0 8.6250 
9-57 5,986.00–5,986.55 8.54 7.77 <.01 2.64 8.3 7.5 0.0 8.1550 
9-58 5,987.60–5,988.00 8.44 7.47 <.01 2.64 8.2 6.3 0.0 7.9550 
9-59 5,988.40–5,989.00 1.73 1.69 <.01 2.64 6.0 8.8 0.0 1.7100 
9-60 5,989.35–5,989.70 2.74 2.76 0.90 2.64 7.4 10.2 0.0 2.7500 
10-1 6,680.05–6,680.60 2.26 2.38 0.09 2.63 17.6 36.9 0.0 2.3200 
10-2 6,681.00–6,681.50 3.04 3.49 0.09 2.62 18.3 40.6 0.0 3.2650 
10-3 6,682.45–6,683.00 6.06 6.12 3.77 2.64 21.2 59.0 0.0 6.0900 
10-4 6,683.45–6,683.85 18.14 15.67 6.62 2.63 22.7 68.9 0.0 16.9050 
10-5 6,684.20–6,684.75 0.69 0.68 <.01 2.62 15.7 66.7 0.0 0.6850 
10-6 6,685.50–6,685.95 6.44 6.65 2.04 2.62 20.3 59.1 0.0 6.5450 
10-7 6,686.30–6,686.90 6.96 6.72 2.28 2.62 20.9 75.4 0.0 6.8400 
10-8 6,687.15–6,687.85 1.47 0.84 <.01 2.64 18.7 65.7 0.0 1.1550 
10-9 6,688.10–6,688.50 3.26 3.76 0.89 2.62 21.9 48.9 0.0 3.5100 
10-10 6,689.50–6,690.00 5.50 5.53 1.22 2.62 24.0 58.9 0.0 5.5150 
10-11 6,690.40–6,691.00 3.08 2.94 0.82 2.62 21.9 67.4 0.0 3.0100 
10-12 6,691.35–6,692.00 3.74 8.84 0.92 2.62 22.0 55.4 0.0 6.2900 
10-13 6,692.20–6,692.55 150.21 105.34 28.71 2.63 23.1 48.9 0.0 127.7750 
10-14 6,693.35–6,693.90 58.81 51.99 26.13 2.62 23.2 60.2 0.0 55.4000 
10-15 6,694.50–6,695.00 6.65 6.36 1.73 2.62 19.9 65.3 0.0 6.5050 
10-16 6,695.45–6,695.85 15.96 13.54 9.16 2.62 24.3 56.7 0.0 14.7500 
10-17 6,696.00–6,696.60 10.91 9.51 5.84 2.62 22.6 68.3 0.0 10.2100 
10-18 6,697.35–6,697.75 34.54 37.14 36.14 2.62 25.8 48.5 0.0 35.8400 
10-19 6,698.55–6,699.00 28.21 30.19 4.19 2.62 23.3 68.6 0.0 29.2000 
10-20 6,699.25–6,699.70 33.03 35.51 77.05 2.63 26.2 57.9 0.0 34.2700 
10-21 6,700.60–6,701.00 71.99 44.24 77.00 2.61 26.6 68.6 0.0 58.1150 
10-22 6,701.40–6,701.80 25.28 31.10 34.38 2.60 23.2 71.0 0.0 28.1900 
10-23 6,702.00–6,702.50 42.86 41.24 7.50 2.61 23.2 70.8 0.0 42.0500 
10-24 6,703.35–6,703.95 14.42 14.39 11.24 2.62 22.7 67.1 0.0 14.4050 
10-25 6,704.00–6,704.60 25.74 26.79 9.22 2.62 25.6 84.3 0.0 26.2650 
10-26 6,705.15–6,705.60 43.13 42.08 43.43 2.61 26.3 79.3 0.0 42.6050 
10-27 6,706.00–6,706.40 28.22 29.78 6.61 2.62 23.5 83.7 0.0 29.0000 
10-28 6,707.60–6,707.70 12.32 Plug  2.64 22.2 58.6 0.0 12.3200 
10-29 6,708.45–6,708.75 10.19 10.30 2.44 2.62 20.9 68.1 0.0 10.2450 
10-30 6,709.85–6,710.00 10.34 9.25 1.58 2.62 20.7 94.8 0.0 9.7950 
10-31 6,710.35–6,710.70 4.39 4.39 0.15 2.62 18.7 82.2 0.0 4.3900 
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10-32 6,711.60–6,712.00 5.35 5.53 1.37 2.62 22.0 91.0 0.0 5.4400 
10-33 6,712.50–6,713.00 9.04 8.47 2.43 2.62 22.0 81.3 0.0 8.7550 
10-34 6,713.40–6,713.80 8.02 7.65 1.23 2.62 19.9 63.6 0.0 7.8350 
10-35 6,714.05–6,714.55 4.22 4.22 0.29 2.63 20.2 63.5 0.0 4.2200 
10-36 6,715.00–6,715.30 13.24 12.13 3.75 2.63 22.0 66.1 0.0 12.6850 
10-37 6,716.40–6,716.90 68.41 66.31 66.81 2.63 26.7 65.9 0.0 67.3600 
10-38 6,717.00–6,717.55 64.93 68.94 105.37 2.62 26.4 77.3 0.0 66.9350 
10-39 6,718.10–6,718.70 43.19 43.12 3.16 2.62 20.9 65.3 0.0 43.1550 
10-40 6,719.40–6,720.00 3.70 3.63 0.08 2.62 20.0 80.3 0.0 3.6650 
10-41 6,720.50–6,721.00 3.82 3.76 0.23 2.63 19.7 63.1 0.0 3.7900 
10-42 6,721.25–6,721.70 11.83 12.02 1.36 2.63 21.8 56.8 0.0 11.9250 
10-43 6,722.00–6,722.55 3.16 3.28 0.10 2.63 18.9 70.5 0.0 3.2200 
10-44 6,723.40–6,723.95 1.32 1.25 0.02 2.62 16.7 66.5 0.0 1.2850 
10-45 6,724.20–6,724.60 6.29 6.08 0.28 2.63 21.0 77.7 0.0 6.1850 
10-46 6,725.45–6,726.00 39.98 43.59 18.65 2.62 24.9 78.9 0.0 41.7850 
10-47 6,726.35–6,726.95 43.68 42.94 40.11 2.62 24.8 61.9 0.0 43.3100 
10-48 6,727.45–6,728.00 73.50 59.00 4.67 2.63 21.9 78.3 0.0 66.2500 
10-49 6,728.20–6,728.80 7.46 6.77 0.16 2.63 18.9 76.1 0.0 7.1150 
10-50 6,729.00–6,729.35 0.60 0.59 0.01 2.62 15.5 77.9 0.0 0.5950 
10-51 6,730.35–6,730.80 1.37 1.38 0.03 2.64 17.2 77.7 0.0 1.3750 
10-52 6,731.45–6,731.90 7.13 7.19 0.25 2.62 16.8 72.7 0.0 7.1600 
10-53 6,732.40–6,733.00 1.19 1.17 0.03 2.65 15.1 77.8 0.0 1.1800 
10-54 6,733.35–6,733.90 1.03 1.03 0.02 2.62 16.8 76.2 0.0 1.0300 
10-55 6,734.00–6,734.60 1.76 1.79 0.02 2.63 18.1 66.8 0.0 1.7750 
10-56 6,735.45–6,736.00 0.47 0.49 <.01 2.64 14.0 72.1 0.0 0.4800 
10-57 6,736.15–6,736.50 1.41 1.74 0.01 2.63 15.4 70.4 0.0 1.5750 
10-58 6,737.40–6,738.00 15.03 14.29 <.01 2.62 15.4 74.0 0.0 14.6600 
10-59 6,738.00–6,738.30 47.88 41.69 8.03 2.62 19.1 60.0 0.0 44.7850 
11-1 6,739.05–6,739.65 67.38 63.23 17.19 2.64 21.2 61.6 0.0 65.3050 
11-2 6,740.30–6,740.95 75.66 71.70 96.11 2.63 26.1 78.9 0.0 73.6800 
11-3 6,741.40–6,741.75 134.71 155.96 10.02 2.63 22.0 74.0 0.0 145.3350 
11-4 6,742.40–6,743.00 35.37 49.42 1.61 2.62 21.3 86.3 0.0 42.3950 
11-5 6,743.20–6,743.55 50.26 49.55 5.92 2.65 22.8 94.5 0.0 49.9050 
11-6 6,744.60–6,745.00 82.70 72.98 10.49 2.63 24.9 83.1 0.0 77.8400 
11-7 6,745.40–6,745.80 11.30 11.45 1.11 2.62 19.5 92.0 0.0 11.3750 
11-8 6,746.00–6,746.65 129.30 107.19 21.69 2.62 24.5 78.7 0.0 118.2450 
11-9 6,747.50–6,748.00 63.72 63.03 17.90 2.63 24.6 84.8 0.0 63.3750 
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11-10 6,748.20–6,748.20 39.04 47.87 20.57 2.62 24.9 84.8 0.0 43.4550 
11-11 6,749.00–6,749.60 34.06 47.15 5.95 2.62 23.6 80.9 0.0 40.6050 
11-12 6,750.00–6,750.50 40.14 38.38 9.75 2.62 24.3 78.0 0.0 39.2600 
11-13 6,751.00–6,751.60 78.75 84.85 7.44 2.62 25.6 80.7 0.0 81.8000 
11-14 6,752.60–6,753.00 70.73 79.46 295.89 2.62 27.3 68.7 0.0 75.0950 
11-15 6,753.15–6,753.75 36.19 36.20 4.03 2.62 22.7 75.0 0.0 36.1950 
11-16 6,754.40–6,754.95 8.87 8.10 0.13 2.62 20.2 66.3 0.0 8.4850 
11-17 6,755.00–6,755.60 3.61 3.60 0.04 2.63 18.8 58.6 0.0 3.6050 
11-18 6,756.40–6,757.00 11.99 10.48 0.17 2.63 20.3 70.6 0.0 11.2350 
11-19 6,757.55–6,758.00 25.88 22.36 2.75 2.62 22.7 68.0 0.0 24.1200 
11-20 6,758.00–6,758.40 28.14 22.59 2.55 2.62 22.2 69.4 0.0 25.3650 
11-21 6,759.15–6,759.65 5.56 5.43 0.02 2.63 18.5 64.6 0.0 5.4950 
11-22 6,760.45–6,760.90 0.12 0.12 <.01 2.67 10.1 59.2 0.0 0.1200 
11-23 6,761.00–6,761.60 0.56 0.63 <.01 2.64 9.8 75.1 0.0 0.5950 
11-24 6,762.00–6,762.55 10.87 12.31 1.85 2.62 19.2 64.3 0.0 11.5900 
11-25 6,763.05–6,763.55 23.26 22.35 1.36 2.63 20.4 65.1 0.0 22.8050 
11-26 6,764.50–6,765.00 22.40 17.62 0.14 2.63 20.6 71.5 0.0 20.0100 
11-27 6,765.40–6,766.00 10.08 24.57 <.01 2.64 15.6 60.9 0.0 17.3250 
11-28 6,766.10–6,766.85 6.56 6.78 0.01 2.63 14.0 52.5 0.0 6.6700 
11-29 6,767.15 15.66 Plug  2.63 15.0 47.3 0.0 15.6600 
11-30 6,768.60–6,768.80 42.33 41.66 34.29 2.62 13.3 50.4 0.0 41.9950 
11-31 6,769.45–6,770.00 21.51 22.08 11.53 2.63 13.9 59.9 0.0 21.7950 
11-32 6,770.10–6,770.90 9.63 9.89 6.82 2.63 15.0 58.2 0.0 9.7600 
11-33 6,771.00–6,771.40 6.67 6.78 1.05 2.63 13.6 43.6 0.0 6.7250 
11-34 6,772.45–6,772.90 1.04 0.70 <.01 2.65 12.0 65.7 0.0 0.8700 
11-35 6,773.00–6,773.70 2.62 1.82 0.01 2.64 16.3 59.9 0.0 2.2200 
11-36 6,774.00–6,774.50 5.06 5.08 0.13 2.63 16.1 56.8 0.0 5.0700 
11-37 6,775.00–6,775.80 4.37 4.88 0.03 2.64 15.1 61.1 0.0 4.6250 
11-38 6,776.15–6,776.65 94.45 75.21 44.61 2.64 17.4 47.0 0.0 84.8300 
11-39 6,777.00–6,777.35 2.37 1.77 <.01 2.63 8.6 76.2 0.0 2.0700 
11-40 6,778.00–6,778.40 93.43 86.55 77.84 2.62 18.1 59.2 0.0 89.9900 
11-41 6,779.40–6,780.00 21.85 22.59 21.06 2.63 17.4 44.9 0.0 22.2200 
11-42 6,780.40–6,781.00 16.47 16.34 9.21 2.63 16.3 48.2 0.0 16.4050 
11-43 6,781.10–6,781.70 3.29 4.03 <.01 2.63 12.1 30.2 0.0 3.6600 
11-44 6,782.00–6,782.60 78.56 94.05 17.28 2.63 14.9 37.8 0.0 86.3050 
11-45 6,783.00–6,783.45 28.77 30.42 <.01 2.64 14.5 45.2 0.0 29.5950 
11-46 6,784.40–6,785.00 61.74 58.68 28.85 2.63 17.1 51.5 0.0 60.2100 
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11-47 6,785.50–6,786.00 28.47 30.31 6.84 2.63 13.1 61.3 0.0 29.3900 
11-48 6,786.15–6,786.75 52.46 61.44 5.26 2.63 12.6 42.1 0.0 56.9500 
11-49 6,787.00–6,787.55 63.99 64.33 38.83 2.62 12.4 45.3 0.0 64.1600 
11-50 6,788.45–6,789.00 16.32 22.77 <.01 2.63 8.1 50.5 0.0 19.5450 
11-51 6,789.40–6,790.00 64.14 43.90 2.10 2.63 14.1 40.2 0.0 54.0200 
11-52 6,790.20–6,790.80 0.31 0.35 <.01 2.64 6.8 44.5 0.0 0.3300 
11-53 6,791.60–6,791.95 50.07 69.17 0.42 2.64 15.1 47.2 0.0 59.6200 
11-54 6,792.30–6,792.60 47.97 52.49 1.04 2.64 16.6 50.4 0.0 50.2300 
11-55 6,793.25–6,793.70 52.06 52.58 3.33 2.62 18.9 57.0 0.0 52.3200 
11-56 6,794.45–6,794.75 9.26 8.44 <.01 2.64 13.6 50.8 0.0 8.8500 
11-57 6,795.30–6,795.70 48.35 47.27 2.51 2.63 18.9 57.5 0.0 47.8100 
11-58 6,796.40–6,797.00 14.11 13.48 <.01 2.63 13.2 32.8 0.0 13.7950 
11-59 6,797.10–6,797.70 54.06 51.31 5.87 2.62 15.0 27.2 0.0 52.6850 
11-60 6,798.25–6,798.70 64.49 59.96 8.46 2.62 16.3 34.0 0.0 62.2250 
12-1 6,799.60–6,800.00 5.22 5.17 0.55 2.64 14.3 36.9 0.0 5.1950 
12-2 6,800.10–6,800.70 1.41 1.45 0.05 2.63 13.0 43.8 0.0 1.4300 
12-3 6,801.60–6,802.00 0.24 0.25 <.01 2.65 10.1 53.9 0.0 0.2450 
12-4 6,802.00–6,802.60 20.53 17.20 <.01 2.62 7.6 58.9 0.0 18.8650 
12-5 6,803.10–6,803.50 104.20 107.46 133.81 2.62 15.5 26.5 0.0 105.8300 
12-6 6,804.00–6,804.45 86.66 85.52 23.07 2.62 12.4 47.3 0.0 86.0900 
12-7 6,805.00–6,805.60 26.77 24.23 <.01 2.62 8.1 61.5 0.0 25.5000 
12-8 6,806.60–6,807.00 69.23 71.59 28.58 2.62 13.5 38.0 0.0 70.4100 
12-9 6,807.10–6,807.70 69.66 61.89 69.21 2.62 13.4 51.1 0.0 65.7750 
12-10 6,808.45–6,808.90 87.24 75.77 111.10 2.62 13.9 32.3 0.0 81.5050 
12-11 6,809.05–6,809.65 6.99 5.35 <.01 2.62 7.3 49.0 0.0 6.1700 
12-12 6,810.40–6,811.00 35.14 34.00 1.17 2.62 11.3 30.0 0.0 34.5700 
12-13 6,811.40–6,812.00 31.53 29.61 5.22 2.62 11.8 44.1 0.0 30.5700 
12-14 6,812.00–6,812.60 47.86 40.33 16.05 2.62 12.0 39.1 0.0 44.0950 
12-15 6,813.40–6,814.00 30.96 31.82 14.38 2.62 10.5 31.2 0.0 31.3900 
12-16 6,814.00–6,814.60 30.73 30.85 13.85 2.62 9.7 30.1 0.0 30.7900 
12-17 6,815.10–6,815.65 37.23 33.49 0.15 2.63 8.7 30.1 0.0 35.3600 
12-18 6,816.40–6,817.00 78.67 67.09 14.24 2.64 15.3 55.8 0.0 72.8800 
12-19 6,817.40–6,818.00 86.78 93.29 11.96 2.63 13.9 45.3 0.0 90.0350 
12-20 6,818.00–6,818.50 79.04 61.77 16.69 2.63 11.5 51.9 0.0 70.4050 
12-21 6,819.40–6,820.00 5.29 5.30 0.03 2.62 13.2 70.5 0.0 5.2950 
12-22 6,820.20–6,820.60 1.92 0.70 <.01 2.63 11.7 54.5 0.0 1.3100 
12-23 6,821.40–6,822.00 73.99 66.99 49.67 2.62 19.6 57.1 0.0 70.4900 
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12-24 6,822.00–6,822.50 42.37 49.94 0.07 2.62 15.0 78.3 0.0 46.1550 
12-25 6,823.10–6,823.70 29.59 23.53 17.92 2.62 10.0 48.7 0.0 26.5600 
12-26 6,824.40–6,825.00 48.56 49.66 41.55 2.62 12.3 57.1 0.0 49.1100 
12-27 6,825.30–6,825.70 22.49 21.50 0.01 2.62 12.3 80.1 0.0 21.9950 
12-28 6,826.20–6,826.60 33.18 38.63 0.66 2.63 13.9 55.5 0.0 35.9050 
12-29 6,827.00–6,827.30 20.50 21.77 0.01 2.63 15.2 62.9 0.0 21.1350 
12-30 6,828.00–6,828.60 4.80 5.29 0.02 2.62 14.8 76.5 0.0 5.0450 
12-31 6,829.15–6,829.40 137.92 154.21 19.42 2.63 16.3 53.5 0.0 146.0650 
12-32 6,830.40–6,830.85 57.33 51.65 3.82 2.64 15.0 65.0 0.0 54.4900 
12-33 6,831.00–6,831.50 81.85 71.48 68.99 2.62 18.3 70.6 0.0 76.6650 
12-34 6,832.60–6,833.00 169.58 142.55 126.62 2.63 22.3 60.1 0.0 156.0650 
12-35 6,833.40–6,834.00 98.65 97.79 165.58 2.62 21.4 59.9 0.0 98.2200 
12-36 6,834.10–6,834.55 93.38 92.87 160.27 2.62 23.9 50.3 0.0 93.1250 
12-37 6,835.40–6,836.00 91.16 63.42 196.04 2.62 21.5 59.9 0.0 77.2900 
12-38 6,836.20–6,836.70 8.24 9.58 0.04 2.62 14.1 54.5 0.0 8.9100 
12-39 6,837.50–6,838.00 84.14 76.01 0.01 2.62 16.0 39.1 0.0 80.0750 
12-40 6,838.40–6,839.00 84.56 84.61 0.01 2.62 14.0 51.0 0.0 84.5850 
12-41 6,839.40–6,840.00 0.18 0.19 <.01 2.64 9.1 45.6 0.0 0.1850 
12-42 6,840.50–6,841.00 93.97 80.01 4.86 2.62 17.5 70.8 0.0 86.9900 
12-43 6,841.45–6,841.90 247.31 231.08 70.16 2.62 20.9 61.5 0.0 239.1950 
12-44 6,842.40–6,842.80 117.43 140.10 47.96 2.62 15.3 45.4 0.0 128.7650 
12-45 6,843.00–6,843.55 71.26 54.04 2.61 2.62 13.4 51.7 0.0 62.6500 
12-46 6,844.15–6,844.45 3.51 1.31 0.01 2.63 13.6 74.9 0.0 2.4100 
12-47 6,845.00–6,845.50 31.08 8.57 0.02 2.63 15.1 60.2 0.0 19.8250 
12-48 6,846.10–6,846.45 58.71 68.07 1.03 2.63 19.4 74.3 0.0 63.3900 
12-49 6,847.00–6,847.45 17.36 16.55 0.83 2.62 14.9 72.9 0.0 16.9550 
12-50 6,848.20–6,848.60 92.01 73.09 168.71 2.62 20.2 59.4 0.0 82.5500 
12-51 6,849.00–6,849.25 118.66 130.72 24.49 2.62 18.5 75.4 0.0 124.6900 
12-52 6,850.00–6,850.60 24.07 22.90 0.01 2.63 14.2 64.3 0.0 23.4850 
12-53 6,851.50–6,852.00 64.27 72.45 67.31 2.62 18.2 65.2 0.0 68.3600 
12-54 6,852.10–6,852.70 73.29 65.15 161.68 2.62 19.3 57.0 0.0 69.2200 
12-55 6,853.45–6,853.95 89.10 105.93 160.71 2.63 20.6 43.1 0.0 97.5150 
12-56 6,854.00–6,854.45 86.92 73.58 114.42 2.63 18.7 54.5 0.0 80.2500 
12-57 6,855.00–6,856.00  tbfa       
12-58 6,856.00–6,857.00  tbfa       
12-59 6,857.00–6,858.00  tbfa       
12-60 6,858.70–6,859.00  tbfa       
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13-1 6,859.00–6,859.60 67.21 63.31 7.14 2.62 15.0 5.4 0.0 65.2600 
13-2 6,860.00–6,860.45 2.39 4.66 <.01 2.67 4.4 28.4 0.0 3.5250 
13-3 6,861.00–6,861.70 0.07 0.06 <.01 2.66 7.2 18.2 0.0 0.0650 
13-4 6,862.50–6,862.90 0.11 0.10 <.01 2.63 8.0 24.5 0.0 0.1050 
13-5 6,863.00–6,863.25 4.72 4.13 <.01 2.71 1.5 96.2 0.0 4.4250 
13-6 6,864.10–6,864.60 6.91 6.78 0.17 2.62 12.3 18.0 0.0 6.8450 
13-7 6,865.45–6,866.00 17.95 20.53 1.75 2.62 14.3 30.3 0.0 19.2400 
13-8 6,866.20–6,866.95 34.74 35.44 8.68 2.62 14.5 30.7 0.0 35.0900 
13-9 6,867.00–6,867.85 20.78 22.69 3.91 2.62 13.7 36.4 0.0 21.7350 
13-10 6,868.00–6,868.70 16.89 18.20 13.41 2.62 13.0 42.3 0.0 17.5450 
13-11 6,869.50–6,870.00 3.56 3.75 2.22 2.62 12.3 39.1 0.0 3.6550 
13-12 6,870.50–6,870.90 2.30 2.54 <.01 2.63 9.3 28.8 0.0 2.4200 
13-13 6,871.00–6,871.55 0.99 0.99 <.01 2.62 9.8 24.1 0.0 0.9900 
13-14 6,872.20–6,872.80 7.85 8.65 0.16 2.62 12.5 22.5 0.0 8.2500 
13-15 6,873.00–6,873.65 8.19 8.67 1.31 2.62 12.7 34.4 0.0 8.4300 
13-16 6,874.15–6,874.65 4.18 4.27 0.19 2.63 11.4 30.8 0.0 4.2250 
13-17 6,875.00–6,875.70 5.19 5.18 2.74 2.62 12.9 30.2 0.0 5.1850 
13-18 6,876.45–6,867.00 6.59 7.05 2.84 2.63 12.6 25.5 0.0 6.8200 
13-19 6,877.20–6,878.00 3.40 3.51 0.24 2.62 11.8 33.8 0.0 3.4550 
13-20 6,878.10–6,878.90 4.80 4.92 2.02 2.62 12.2 37.4 0.0 4.8600 
13-21 6,879.00–6,879.70 3.61 3.70 0.77 2.63 12.4 21.9 0.0 3.6550 
13-22 6,880.35–6,881.00 0.69 0.62 0.01 2.63 7.5 34.0 0.0 0.6550 
13-23 6,881.15–6,882.00 57.29 66.17 6.85 2.63 15.3 34.1 0.0 61.7300 
13-24 6,882.50–6,882.90 60.89 64.16 42.22 2.63 16.1 47.4 0.0 62.5250 
13-25 6,883.00–6,883.50 94.08 98.35 101.13 2.63 16.8 45.8 0.0 96.2150 
13-26 6,884.25–6,885.00 44.32 44.78 92.54 2.62 16.7 58.2 0.0 44.5500 
13-27 6,885.20–6,885.95 30.92 23.08 20.73 2.62 15.6 52.2 0.0 27.0000 
13-28 6,886.00–6,886.75 61.97 58.29 13.86 2.63 16.0 57.6 0.0 60.1300 
13-29 6,887.00–6,887.50 127.66 139.21 11.69 2.62 14.8 43.4 0.0 133.4350 
13-30 6,888.60–6,889.00 48.64 45.79 4.87 2.63 12.7 38.3 0.0 47.2150 
13-31 6,889.05–6,889.75 85.89 75.52 63.59 2.63 16.7 45.9 0.0 80.7050 
13-32 6,890.00–6,890.55 74.28 72.83 30.62 2.63 15.9 59.3 0.0 73.5550 
13-33 6,891.40–6,892.00 6.77 89.29 50.20 2.63 17.2 43.0 0.0 48.0300 
13-34 6,892.90–6,893.00 9.44 Plug  2.66 15.8 39.7 0.0 9.4400 
13-35 6,893.45–6,894.00 6.28 6.06 0.50 2.62 12.9 36.2 0.0 6.1700 
13-36 6,894.15–6,894.70 3.73 3.16 0.04 2.62 12.1 36.9 0.0 3.4450 
13-37 6,895.50–6,896.00 67.19 35.03 24.52 2.62 18.2 48.1 0.0 51.1100 
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13-38 6,896.15–6,897.00 67.31 76.58 7.47 2.63 18.1 59.8 0.0 71.9450 
13-39 6,897.25–6,898.00 61.91 66.51 18.43 2.63 18.5 56.3 0.0 64.2100 
13-40 6,898.15–6,898.90 61.31 51.25 7.23 2.62 17.9 49.6 0.0 56.2800 
13-41 6,899.00–6,899.50 86.49 82.78 167.88 2.63 20.6 41.1 0.0 84.6350 
13-42 6,900.10–6,900.85 46.00 59.86 139.30 2.62 19.0 63.6 0.0 52.9300 
13-43 6,901.00–6,901.55 36.07 51.14 0.64 2.62 15.0 41.4 0.0 43.6050 
13-44 6,902.10–6,902.75 17.56 17.13 1.01 2.62 16.0 58.5 0.0 17.3450 
13-45 6,903.00–6,903.45 9.59 12.83 0.18 2.61 14.9 61.6 0.0 11.2100 
13-46 6,904.20–6,904.90 14.73 15.30 0.03 2.61 14.2 68.0 0.0 15.0150 
13-47 6,905.30–6,905.90 3.61 3.42 0.03 2.63 14.3 65.8 0.0 3.5150 
13-48 6,906.50–6,906.90 0.81 0.81 0.01 2.63 11.8 49.4 0.0 0.8100 
13-49 6,907.25–6,907.86 0.28 0.27 <.01 2.63 11.7 54.0 0.0 0.2750 
13-50 6,908.10–6,908.55 0.16 0.16 <.01 2.63 10.8 74.0 0.0 0.1600 
13-51 6,909.00–6,909.40 0.21 0.19 <.01 2.63 11.3 71.3 0.0 0.2000 
13-52 6,910.35–6,911.00 4.99 5.49 0.01 2.63 9.8 60.5 0.0 5.2400 
13-53 6,911.50–6,911.90 65.96 64.74 23.25 2.61 16.2 51.5 0.0 65.3500 
13-54 6,912.50–6,913.00 30.58 95.21 17.78 2.64 19.5 57.5 0.0 62.8950 
13-55 6,913.60–6,914.00 5.67 5.40 1.56 2.63 13.1 55.8 0.0 5.5350 
13-56 6,914.00–6,914.40 8.00 8.19 1.62 2.63 12.9 56.7 0.0 8.0950 
13-57 6,915.20–6,916.00 62.43 64.39 52.10 2.63 18.8 60.8 0.0 63.4100 
13-58 6,916.40–6,917.00 93.51 69.63 70.94 2.63 20.6 59.3 0.0 81.5700 
13-59 6,917.10 tbfa Plug  2.65 24.6 61.9 0.0  
13-60 6,918.50 498.86 Plug  2.64 21.1 44.8 0.0 498.8600 
14-1 6,919.30–6,920.00 46.29 57.19 112.86 2.63 19.3 32.0 0.0 51.7400 
14-2 6,920.50–6,921.00 67.28 44.04 0.01 2.62 11.5 47.1 0.0 55.6600 
14-3 6,921.20–6,921.90 30.68 23.48 1.21 2.62 16.6 41.4 0.0 27.0800 
14-4 6,922.50–6,923.00 183.28 182.68 471.96 2.63 24.6 54.8 0.0 182.9800 
14-5 6,923.25–6,923.60 235.93 247.74 8.50 2.62 19.1 55.9 0.0 241.8350 
14-6 6,924.15–6,924.65 26.62 33.08 0.35 2.63 16.6 58.6 0.0 29.8500 
14-7 6,925.00–6,925.50 54.32 23.00 2.00 2.62 17.6 68.5 0.0 38.6600 
14-8 6,926.00–6,926.65 33.35 33.78 0.08 2.63 15.8 64.2 0.0 33.5650 
14-9 6,927.45–6,928.00 11.64 8.74 2.40 2.62 13.4 51.1 0.0 10.1900 
14-10 6,928.05–6,928.60 2.40 2.25 0.02 2.62 11.9 55.7 0.0 2.3250 
14-11 6,929.30–6,929.80 3.17 3.72 0.11 2.62 13.4 49.9 0.0 3.4450 
14-12 6,930.30–6,931.00 16.25 14.04 0.22 2.62 14.7 50.5 0.0 15.1450 
14-13 6,931.60–6,932.00 143.23 125.09 38.19 2.62 20.1 52.8 0.0 134.1600 
14-14 6,932.15–6,932.70 51.06 49.17 14.13 2.62 19.6 46.8 0.0 50.1150 
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14-15 6,933.20–6,933.85 37.68 56.77 13.78 2.62 17.5 52.2 0.0 47.2250 
14-16 6,934.00–6,934.65 44.77 47.44 17.10 2.63 19.2 52.0 0.0 46.1050 
14-17 6,935.00–6,935.65 37.43 58.54 61.56 2.63 19.6 49.8 0.0 47.9850 
14-18 6,936.20–6,936.95 40.34 40.36 37.34 2.63 19.0 51.1 0.0 40.3500 
14-19 6,937.00–6,937.65 48.89 61.47 64.86 2.62 19.0 44.6 0.0 55.1800 
14-25 6,938.30–6,939.00 81.79 119.97 220.79 2.64 21.4 58.2 0.0 100.8800 
14-26 6,939.10–6,939.65 99.28 112.80 123.36 2.62 19.6 69.3 0.0 106.0400 
14-27 6,940.40–6,940.80 70.15 65.44 5.55 2.63 15.8 65.5 0.0 67.7950 
14-28 6,941.60–6,942.00 94.27 88.64 112.99 2.63 19.5 68.4 0.0 91.4550 
14-29 6,942.45–6,942.95 102.29 100.87 93.55 2.62 19.8 64.9 0.0 101.5800 
14-30 6,943.00–6,943.55 88.82 97.81 227.26 2.62 19.4 66.8 0.0 93.3150 
14-31 6,944.25–6,944.90 131.50 144.11 121.17 2.62 18.9 66.5 0.0 137.8050 
14-32 6,945.15–6,945.35 1.89 2.15 <.01 2.63 12.0 89.1 0.0 2.0200 
14-33 6,946.30–6,946.80 53.32 63.83 29.21 2.64 17.6 62.5 0.0 58.5750 
14-34 6,947.00–6,947.30 71.91 69.40 3.44 2.63 15.8 74.1 0.0 70.6550 
14-35 6,948.00–PLUG  tbfa  2.63 20.1 65.6 0.0  
14-36 6,949.70–6,950.00 362.74 298.13 176.30 2.62 18.7 70.9 0.0 330.4350 
14-37 6,950.35–6,951.00 410.47 425.44 390.42 2.64 20.2 77.5 0.0 417.9550 
14-38 6,951.35–6,951.90 185.24 175.75 185.14 2.65 17.6 61.1 0.0 180.4950 
14-39 6,952.00–6,952.50 225.68 193.39 240.59 2.62 17.3 60.0 0.0 209.5350 
14-40 6,953.30–6,954.00 119.53 65.39 258.57 2.62 18.2 67.8 0.0 92.4600 
14-41 6,954.15–6,954.80 171.82 183.10 357.09 2.62 19.8 54.3 0.0 177.4600 
14-42 6,955.00–6,955.60 159.51 165.98 301.43 2.63 20.0 61.9 0.0 162.7450 
14-43 6,956.00–6,956.50 249.58 243.31 396.86 2.63 21.3 56.0 0.0 246.4450 
14-44 6,957.50–6,958.00 123.15 84.28 396.23 2.63 19.1 57.0 0.0 103.7150 
14-45 6,958.15–6,958.85 125.84 126.53 328.96 2.63 18.4 60.8 0.0 126.1850 
14-46 6,959.10–6,959.95 110.55 124.85 258.18 2.63 18.6 65.1 0.0 117.7000 
14-47 6,960.10–6,960.55 139.11 168.62 213.81 2.64 17.9 57.4 0.0 153.8650 
14-48 6,961.45–6,962.00 115.54 111.17 284.90 2.64 20.8 46.6 0.0 113.3550 
14-49 6,962.20–6,962.90 116.22 101.91 395.11 2.64 20.2 55.6 0.0 109.0650 
14-50 6,963.10–6,963.70 106.06 87.03 322.89 2.63 17.3 59.2 0.0 96.5450 
14-51 6,964.40–6,965.00 120.89 122.28 190.84 2.64 18.7 55.4 0.0 121.5850 
14-52 6,965.15–6,965.70 132.60 136.25 202.09 2.64 18.6 63.0 0.0 134.4250 
14-53 6,966.15–6,966.70 112.65 149.60 133.56 2.65 18.2 55.6 0.0 131.1250 
14-54 6,967.30–6,967.70 108.06 121.44 234.74 2.65 17.2 46.8 0.0 114.7500 
14-55 6,968.30–6,969.00 98.57 98.15 2.26 2.63 15.3 71.7 0.0 98.3600 
14-56 6,969.45–6,970.00 113.64 127.35 2.01 2.63 15.3 59.6 0.0 120.4950 
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14-57 6,970.20–6,971.00 38.65 37.21 0.01 2.63 15.2 63.0 0.0 37.9300 
14-58 6,971.40–6,972.00 69.25 70.24 0.01 2.63 18.1 72.3 0.0 69.7450 
14-59 6,972.50–6,972.75 56.66 73.73 1.08 2.62 18.1 62.2 0.0 65.1950 
14-60 6,973.30–6,973.70 75.93 57.90 2.04 2.64 20.1 64.7 0.0 66.9150 
14-61 6,974.40–6,974.70 142.70 144.36 14.74 2.65 22.1 61.5 0.0 143.5300 
14-62 6,975.60–6,976.00 48.99 62.75 11.37 2.64 20.7 69.5 0.0 55.8700 
14-63 6,976.30–6,976.50 198.32 245.34 97.06 2.64 24.5 52.9 0.0 221.8300 
15-1 6,979.20–6,979.50 197.60 239.21 10.93 2.65 20.0 12.7 0.0 218.4050 
15-2 6,980.65–6,981.00 98.73 67.73 10.48 2.63 20.2 39.0 0.0 83.2300 
15-3 6,981.15–6,981.45 174.56 167.04 19.07 2.64 21.2 35.3 0.0 170.8000 
15-4 6,982.00–6,982.20 226.70 259.56 14.12 2.64 22.4 62.1 0.0 243.1300 
15-5 6,983.10–6,983.60 111.56 oneway 17.92 2.63 20.6 33.4 0.0 111.5600 
15-6 6,984.40–6,984.90 52.66 69.69 6.43 2.63 19.4 44.5 0.0 61.1750 
15-7 6,985.00–6,985.70 73.89 136.95 2.64 2.64 19.2 46.8 0.0 105.4200 
15-8 6,986.00–6,986.50 151.31 110.68 5.24 2.64 20.5 43.0 0.0 130.9950 
15-9 6,987.30–6,987.65 94.60 110.57 9.22 2.64 20.4 38.3 0.0 102.5850 
15-10 6,988.50–6,989.00 121.37 91.11 11.34 2.63 21.4 38.6 0.0 106.2400 
15-11 6,989.00–6,989.55 122.86 90.77 4.92 2.64 19.0 30.7 0.0 106.8150 
15-12 6,990.40–6,990.90 38.88 41.84 5.60 2.63 20.9 62.5 0.0 40.3600 
15-13 6,991.25–6,991.70 211.65 50.77 2.10 2.63 19.5 64.9 0.0 131.2100 
15-14 6,992.25–6,993.00 37.87 34.09 0.01 2.64 17.5 48.2 0.0 35.9800 
15-15 6,993.15–6,993.85 5.98 5.34 <.01 2.63 8.4 50.2 0.0 5.6600 
15-16 6,994.50–6,994.95 2.09 1.87 <.01 2.65 6.3 74.3 0.0 1.9800 
15-17 6,995.40–6,995.90 0.46 0.59 <.01 2.66 10.9 26.6 0.0 0.5250 
15-18 6,996.00–6,996.55 0.57 0.59 0.03 2.65 12.3 32.6 0.0 0.5800 
15-19 6,997.30–6,997.75 0.07 0.07 <.01 2.67 6.9 24.9 0.0 0.0700 
15-20 6,998.50–6,998.00 0.07 0.08 <.01 2.67 5.7 25.5 0.0 0.0750 
15-21 6,999.00–6,999.65 0.10 0.10 <.01 2.66 7.3 23.5 0.0 0.1000 
15-22 7,000.35–7,000.00 0.08 0.04 <.01 2.67 2.5 37.9 0.0 0.0600 
15-23 7,001.25–7,001.65 3.89 0.54 0.01 2.65 8.3 31.4 0.0 2.2150 
15-24 7,002.55–7,002.95 0.08 0.07 <.01 2.63 7.4 38.0 0.0 0.0750 
15-25 7,003.00–7,003.85 0.21 0.19 <.01 2.66 8.4 33.7 0.0 0.2000 
15-26 7,004.00–7,004.90 0.05 0.04 <.01 2.65 3.8 36.7 0.0 0.0450 
15-27 7,005.00–7,005.75 0.62 0.28 <.01 2.66 3.8 36.5 0.0 0.4500 
15-28 7,006.25–7,006.70 1.16 1.22 0.02 2.68 8.6 32.0 0.0 1.1900 
15-29 7,007.45–7,007.00 4.24 3.02 <.01 2.66 8.6 48.6 0.0 3.6300 
15-30 7,008.35–7,008.75 0.37 0.42 <.01 2.65 8.4 34.7 0.0 0.3950 
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15-31 7,009.00–7,009.80 0.26 0.21 <.01 2.65 6.9 39.5 0.0 0.2350 
15-32 7,010.00–7,010.45 0.38 0.36 <.01 2.65 8.2 31.1 0.0 0.3700 
15-33 7,011.25–7,011.85 0.97 0.83 0.02 2.65 11.0 34.7 0.0 0.9000 
15-34 7,012.65–7,013.00 0.40 0.35 0.01 2.64 10.6 34.7 0.0 0.3750 
15-35 7,013.20–7,013.90 0.29 0.24 <.01 2.65 7.6 30.6 0.0 0.2650 
15-36 7,014.00–7,014.85 0.49 0.34 <.01 2.65 5.1 34.0 0.0 0.4150 
15-37 7,015.00–7,015.35 0.17 0.16 <.01 2.67 6.6 31.4 0.0 0.1650 
15-38 7,016.00–7,016.35 49.54 25.41 0.44 2.65 8.7 32.1 0.0 37.4750 
15-39 7,017.00–7,017.50 21.71 21.12 1.60 2.64 9.7 21.1 0.0 21.4150 
15-40 7,018.30–7,018.90 9.23 9.55 1.11 2.64 10.5 29.8 0.0 9.3900 
15-41 7,019.05–7,019.50 6.88 6.68 1.17 2.64 9.5 20.4 0.0 6.7800 
15-42 7,020.00–7,020.90 3.15 3.93 0.01 2.66 5.0 24.5 0.0 3.5400 
15-43 7,021.00–7,021.65 0.24 0.24 <.01 2.65 8.4 32.9 0.0 0.2400 
15-44 7,022.40–7,023.00 0.29 0.28 <.01 2.66 2.6 27.8 0.0 0.2850 
15-45 7,023.20–7,023.90 0.14 0.15 <.01 2.66 4.0 24.8 0.0 0.1450 
15-46 7,024.00–7,024.70 0.31 0.22 <.01 2.67 5.6 27.9 0.0 0.2650 
15-47 7,025.00–7,025.45 1.13 0.94 <.01 2.67 10.8 30.0 0.0 1.0350 
15-48 7,026.00–7,026.60 0.30 0.28 <.01 2.66 6.9 21.8 0.0 0.2900 
15-49 7,027.35–7,027.80 0.51 0.26 0.01 2.65 7.7 15.1 0.0 0.3850 
15-50 7,028.00–7,028.65 0.10 0.09 0.01 2.66 5.0 23.6 0.0 0.0950 
15-51 7,029.00–7,029.45 0.05 0.05 <.01 2.66 4.0 24.6 0.0 0.0500 
15-52 7,030.00–7,030.60 0.15 0.15 <.01 2.65 7.4 29.2 0.0 0.1500 
15-53 7,031.05–7,031.40 0.11 0.13 <.01 2.65 8.7 43.6 0.0 0.1200 
15-54 7,032.00–7,032.90 0.60 0.31 0.01 2.65 7.7 28.0 0.0 0.4550 
15-55 7,033.00–7,033.55 0.12 0.11 <.01 2.64 7.7 26.4 0.0 0.1150 
15-56 7,034.00–7,034.60 0.10 0.10 0.01 2.65 6.3 24.6 0.0 0.1000 
15-57 7,035.40–7,036.00 0.23 0.24 <.01 2.64 10.4 41.9 0.0 0.2350 
15-58 7,036.00–7,036.80 0.21 0.21 <.01 2.65 10.0 26.6 0.0 0.2100 
15-59 7,037.00–7,037.55 0.32 0.31 0.01 2.65 12.0 29.8 0.0 0.3150 
15-60 7,038.25–7,038.85 0.34 0.34 0.01 2.64 10.2 13.7 0.0 0.3400 
16-1 7,039.05–7,039.50 0.53 0.55 0.04 2.64 10.1 13.7 0.0 0.5400 
16-2 7,040.20–7,040.90 0.08 0.14 <.01 2.66 2.5 22.5 0.0 0.1100 
16-3 7,041.10–7,041.80 0.16 0.17 <.01 2.65 4.3 23.3 0.0 0.1650 
16-4 7,042.40–7,042.90 0.36 0.40 <.01 2.65 6.6 21.9 0.0 0.3800 
16-5 7,043.30–7,043.95 0.30 0.29 0.01 2.65 11.7 30.9 0.0 0.2950 
16-6 7,044.05–7,044.70 17.10 6.09 0.01 2.65 9.2 21.2 0.0 11.5950 
16-7 7,045.25–7,046.10 0.21 0.20 <.01 2.66 6.2 38.4 0.0 0.2050 
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16-8 7,046.30–7,047.00 0.31 0.32 <.01 2.66 10.3 18.8 0.0 0.3150 
16-9 7,047.10–7,047.65 0.24 0.25 <.01 2.66 9.7 22.8 0.0 0.2450 
16-10 7,048.00–7,048.40 0.43 0.41 0.01 2.65 9.9 34.1 0.0 0.4200 
16-11 7,049.10–7,049.55 0.29 0.27 <.01 2.67 7.6 18.4 0.0 0.2800 
16-12 7,050.35–7,051.00 0.12 0.17 <.01 2.66 6.3 19.2 0.0 0.1450 
16-13 7,051.00–7,051.55 0.11 0.11 <.01 2.65 10.9 18.1 0.0 0.1100 
16-14 7,052.55–7,053.00 0.01 0.13 <.01 2.66 2.2 35.8 0.0 0.0700 
16-15 7,053.60–7,054.00 0.01 6.53 11.72 2.67 1.7 94.1 0.0 3.2700 
16-16 7,054.35–7,054.90 0.03 3.49 0.04 2.70 1.9 63.4 0.0 1.7600 
16-17 7,055.00 <.001 Plug  2.72 2.2 49.3 0.0  
16-18 7,056.75–7,057.00 0.01 0.00 <.01 2.70 0.7 85.4 0.0 0.0050 
16-19 7,057.25–7,057.85 0.01 0.06 <.01 2.70 0.4 83.6 0.0 0.0350 
16-20 7,058.10–7,058.40 0.02 0.01 <.01 2.71 0.5 91.7 0.0 0.0150 
16-21 7,059.00–7,059.50 0.01 0.03 <.01 2.70 0.6 87.0 0.0 0.0200 
16-22 7,060.10 <.001 Plug  2.75 2.6 56.6 0.0  
16-23 7,061.10 0.01 Plug  2.76 4.5 47.5 0.0 0.0100 
16-24 7,062.20 0.02 Plug  2.72 7.1 38.0 0.0 0.0200 
16-25 7,063.20 0.05 Plug  2.67 7.7 35.9 0.0 0.0500 
16-26 7,064.20 <.001 Plug  2.65 2.4 51.9 0.0  
16-27 7,065.10 <.001 Plug  2.69 3.4 57.1 0.0  
16-28 7,065.90–7,066.15 0.01 0.01 <.01 2.64 0.8 66.2 0.0 0.0100 
16-29 7,067.00 0.01 Plug  2.67 1.2 45.5 0.0 0.0100 
 
